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1. Features of Crossed Roller Bearing

Use the cylindrical rollers in the rolling elements

It becomes line contact structure can 

withstand high loads

Cylindrical Roller Structure Crossed Roller Bearing
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1. Features of Crossed Roller Bearing

The rollers are arranged so that they cross 

between the inner ring and the outer ring.

Itôs able to receive complicated loads 

at the same time.

Crossed Roller Bearing

Axial loadMoment

Radial load
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1. Features of Crossed Roller Bearing

To load preload

Clearance

Inner 

Ring
Outer 

Ring

Rolling Element

Axial direction

To negative clearance 

by eliminating the clearance

Rolling elements is elastically 

deformed, the constantly state 

that force is applied

To obtain high rigidity 

and high rotational accuracy
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2. Research Background

Åmachine tools

Åmedical equipment

Åindustrial robots etc.

Friction torque 

increases

Since the power loss is 

increased, energy 

consumption will increase.

It is much used in the place where accuracy is required.

Used in a state that load the preload

[1]KUKA Robotics Japan Co., Ltd. KR1000titan

[1]
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3. Previous Study
The definition of the friction torque of the rolling bearing 

by Harris et al.

vl MMM +=Friction torque of the rolling bearing

3)Tedric A.Harris Michael N.Kotzalas Essential Concepts of Bearing Technology

FIFTH EDITION(2007) pp.185-193 Taylor&Francis

(1)3)

M Total friction torque

Ml Torque due to applied load

Mv Total due to lubricant viscous friction

f1 Bearing design and relative bearing load

fo Type of bearing and the method of 

lubrication
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Load section

dm Bearing pitch diameter

ɜo Centistokes

n Revolution per minute

Fɓ Magnitude and direction of 

applied load

(2)3)

(3)3)

(4)3)

No description of the crossed roller bearing

Speed section

Coefficient for each type of bearing is defined.
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4. Purpose of Research

Effect on the friction torque from different 

grease 10 kinds of characteristics

It aims to lead to friction torque  

reduction of the crossed roller bearing.
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Inner 

Ring

Outer 

Ring

5. Test Bearing

Model Number : CRB7013T1 Outer ring division type

Outer

Diameter

[mm]

Inner

Diameter

[mm]

Width

[mm]

P.C.D

[mm]

Rolling

Elements Size

[mm]

Rolling Elements 

Effective Length

[mm]

Number of 

Rolling 

Elements

100 70 13 83.15 5x4.9 4.1 52

Outer Ring

Inner Ring

Rolling 

Elements

Outer Ring
It can be adjusted preload

[2]NIPPON THOMPSON CRB7013T1

[2]
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Measuring method

Fit into the test bearing on the casing, put 

the outer ring presser.

Then, tightening the bolts, load the preload, 

after setting the displacement transducer, to 

measure the displacement caused by 

loosening the bolts.

6. Preload Measurement Test
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Measuring method

Displacement 

Transducer
Outer Ring 

Presser

Fixing Bolt

Casing

Outer Ring

Inner Ring

Displacement

ȹt

Axial 

Direction

6. Preload Measurement Test

Preload
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6. Preload Measurement Test
The relation between tightening torque 
and displacement is matched well with 
measured value and theoretical value.
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7. Friction Torque Measurement Test

Test equipment schematic

Coil Spring

Load Cell

Load

Support 

BearingCasingCouplings

Motor
Torque 

Meter

Crossed 

Roller Bearing

The load is transmitted 

from the coil spring to the 

load cell, itôs loaded to the 

crossed roller bearing.
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7. Friction Torque Measurement Test

Test Condition

50[ms] 50[ms]

Rotation time [sec]
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Acceleration Deceleration

Radial load 1, 2, 3[kN]

Inner ring 

rotation speed 
1, 20, 30, 50, 100, 150, 200, 250[rpm]

Rotation time 60[sec]
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Test Condition

Preload value adjust the preload on 

the magnitude of the torque.

7. Friction Torque Measurement Test

Tightening torque of fixing bolt : 3N m, 4N m

Tightening the bolts, assembled to test equipment 

in a state of load the preload.
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Test Condition

7. Friction Torque Measurement Test

Crossed Roller Bearing

Bolt
Outer Ring 

PresserCasing

Preload
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7. Friction Torque Measurement Test

Evaluation method

Rotation time [sec]

60s

Steady rotation 50s
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Compare the average friction torque obtained 

by averaging the measured friction torque 

from the point of view of the grease.

The average of the friction 

torque of 50 seconds during 

the steady rotation

Average Friction Torque
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7. Friction Torque Measurement Test

Grease enclosed in the crossed roller bearing

ÅThose using mineral oil as base oil and 

lithium soap as thickener such as bearing 

No.1, 2.

ÅThose using PAO as base oil and Diurea 

as thickener such as bearing No.3, 4, 5.
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